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PPSCRIPTION 

METHOD FOR INHIBITING CLEAVAGE OF PRECURSOR IL-1B 

Packgroy^d of the Invention 
lnterleukin ip (IL-IP) is a.polypeptide hormone synthesized and secreted by stimulated 
monocytes. The initial translation product of IL-ip is a 31 kDa precursor polypeptide having 
relatively low biological activity. After synthesis, the 31 kDa precursor for IL-ip is 
enzymatically cleaved to its highly active mature form which has a size of about 17.5 kDa. The 
N-terminus of mature IL-ip derived from human activated monocytes has been characterized 
by an N-terminal amino acid sequence beginning with Ala-Pro. The N-terminal Ala residue of 
human mature IL-1 P is in the 1 17 position and an Asp residue is in the 116 position counting 
from the N-terminus of human precursor IL-ip polypeptide. Mature IL-ip consists of the C- 
terminal 153 residues of the precursor polypeptide. 

Many physiological actions and biological activities of IL-1 P have been identified. IL- 
1 p biological activity is often determined by assaying for stimulation of thymocyte proliferation. 
IL-ip activities include stimulation of B-lymphocyte maturation, lymphocyte proliferation, 
stimulation of fibroblast growth and induction of acute -phase protein synthesis by hepatocytes. 

Other biological activities have been attributed to IL-1 polypeptides. These include 
control of differentiation and activation of limphocytes, stimulation of lymphokine and 
prostaglandin production, promotion of inflammation, induction of acute phase proteins, 
stimulation of bone resorption, and alteration of the level of iron and zinc in blood. Moreover, 
it has been found that IL-1 can stimulate the hypothalamus-pituitary-adrenal axis, suggesting 
that IL-1 is integrated in the complex neuroendocrine network that controls homeostasis. 

Maturation and release of mature P from macrophages does not proceed by 
conventional means normally associated with most secretory proteins because the precursor IL- 
1 P polypeptide lacks a hydrophobic signal sequence. Further, IL-ip is not associated with a 
membrane-bound compartment in monocytes. Most secretory proteins are characterized by the 
presence of a hydrophobic stretch of amino acids called a signal sequence. The signal sequence 
directs the translocation of the protein across the membrane of the endoplasmic reticulum during 
protein synthesis. The protein is subsequently ushered out of the cell via exocytosis. Most 
secreted proteins have a signal sequence at the amino terminal that is removed upon 
translocation. Other proteins, such as ovalbumin, have an internal signal sequence that is not 
removed upon translocation. The precursor form of IL-1 P lacks any region (either amino 
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terminal or internal) with sufficient hydrophobicity and length to qualify as a signal sequence. 
Much remains to be learned about the synthesis, processing and secretion of IL-ip. 

The discovery of a compound which specifically inhibits the cleavage of IL-1 will not 
only contribute to the understanding of how this molecule is synthesized, processed and 
secreted, but will also provide a therapeutic approach for diseases in which excessive or 
unregulated IL-1 production is implicated. 

Though the mature form of IL-ip has been found to be beneficial in some medical 
conditions, there are medical conditions where its presence is not beneficial. Accordingly, 
where such a condition exists, it is desirable that mature IL-1 p not be present, or, at least its level 
significantly reduced. The subject invention deals directly with this situation by providing a 
method for inhibiting cleavage of precursor IL-lp to mature IL-ip. 

Brief Summary of the Invention 

The subject invention provides materials and methods for inhibiting the production of 
mature interleukin-1 P by monocytes and/or macrophages. In a specific embodiment, the method 
of the subject invention comprises administering to a human an effective amount of a 
tetracycline compound. It has been found that tetracycline compounds, including derivatives, 
analogs and salts of tetracycline, inhibit the cleavage of IL-1 P to its most active mature form. 

Upon treating a human having a condition wherein the presence of mature IL-1 P is not 
desired, with an effective amount of tetracycline, or a tetracycline derivative, salt, or analog 
(hereinafter referred to collectively as tetracycline compounds), there results a decrease of 
mature IL-1 P in said human. This decrease, which results from the action of tetracycline in 
inhibiting the cleavage of precursor p to mature IL-ip, provides therapeutic benefits as 
described herein. 

Detailed Disclosure of the Invention 
The subject invention provides materials and methods for reducing the production of 
active forms of polypeptide hormones. In a specific embodiment, the subject invention concerns 
the use of tetracycline, or derivatives, salts, or analogs thereof (tetracycline compounds), to 
inhibit the cleavage of precursor IL-1 to mature IL-1 in humans or animals. Although the 
presence of mature IL-lp is beneficial in some medical conditions, it also has been found to be 
detrimental in other situations. Where the medical condition is one not helped by the presence 
of mature IL- 1 P, then the subject invention can be used to reduce the presence of mature IL- 1 P 
and, thus, provide a therapeutic benefit. 
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In a preferred embodiment, the subject invention provides a method of inhibiting the 
cleavage of IL-1 by monocytes and/or macrophages in a human in need thereof which comprises 
administering an effective IL-1 cleavage inhibiting amount of a tetracycline compound. A 
tetracycline compound can be administered to such human in a conventional dosage form 
5 prepared by combining a tetracycline compound with a conventional pharmaceutical^ 

acceptable carrier or diluent according to known techniques. 

As used herein, the term "inhibiting the cleavage of IL-1 P" refers to a reduction in the 
production of the biologically highly active forms of IL-1 P including the 17.5 kDa form which 
is frequently referred to as the "mature" form of IL-1 p. 

10 The tetracycline compound used according to the subject invention can be the parent 

form of tetracycline or any tetracycline derivative, analog, or salt which retains the ability to 
inhibit the cleavage of precursor IL-ip to a mature form. One tetracycline derivative which can 
be used according to the subject invention is doxycycline. Other antibiotics which act utilizing 
the same, or analogous, modes of action can be used so long as these compounds inhibit the 

15 production of the mature form of IL-1 p. Without being limited by theory or constrained to a 

specific mechanism, one embodiment of the subject invention involves the inhibition of IL-1 P 
cleavage by interfering with the enzymatic activity of IL-1 P converting enzyme (ICE). The 
interference with ICE may result from a reduction in the expression of ICE, an interruption in 
the enzymatic activation of ICE, and/or interference with the ability of ICE to associate with and 

20 cleave IL-lp. Although the invention is exemplified herein with reference to tetracycline, its 

derivatives, salts, and analogs (tetracycline compounds) it should be understood that these 
teachings are applicable, and include within their scope, the use of other antibiotic compounds 
which possess the IL-ip cleavage inhibiting properties described herein. Specifically, the 
property of greatest interest is the inhibition of the cleavage of precursor IL-1 P to mature DL-1 p. 

25 In a preferred embodiment, this inhibition of cleavage occurs intracellular^ such that, for 

example, in a cell culture of stimulated monocytes treated with the inhibitor there is observed 
a relative decrease, within the cells, of mature IL-ip and a relative increase of precursor IL-ip. 
Typically, such a relative change in the abundance of IL-lp species can be observed when the 
inhibitor is applied at concentrations of about 5 ^ig/ml and more and at a time period of about 

30 24 to 72 hours or more. 

When using the tetracycline compounds according to the subject invention it is 
preferable to use tetracycline compounds having a minimal antibiotic property and a maximum 
precursor IL-1 p cleavage inhibiting property. Determination of these properties can be readily 
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ascertained by a person skilled in the art having the benefit of the instant disclosure and using 
well-known and available procedures. 

Medical conditions which are presently known to be adversely affected by the presence 
of mature IL-ip include arthritis, inflammation, periodontal disease, and degenerative bone 
5 diseases. This should not be interpreted as an exhaustive list. It is merely exemplary of disease 

where the presence of mature IL-1 P is not beneficial to the affected subject. 

Interleukin-1 (IL-1) has been demonstrated to mediate a variety of biological activities 
thought to be important in immunoregulation and other physiological conditions such as 
inflammation [See, e.g., Dinarello et al. 9 Rev. Infect. Disease, 6:51 (1984)]. The myriad of 

10 known biological activities of IL-1 include the activation of T helper cells, induction of fever, 

stimulation of prostaglandin or collagenase production,. neutrophil cheinotaxis, induction of 
acute phase proteins and the suppression of plasma iron levels. There are several disease states 
in which excessive or unregulated IL-1 production by monocytes and/or macrophages is 
implicated in exacerbating and/or causing the disease. These include rheumatoid arthritis [See, 

15 e.g., Fontana et aL, Arthritis Rheum. 22:49-53 (1982)]; osteoarthritis [See e.g., Wood et a/., 

Arthritis Rheum. 26:975 (1983)]; toxic shock syndrome [See, e.g., Ikejima and Dinarello, J. 
Leukocyte Biology 37:714 (1985)]; other acute or chronic inflammatory disease states such as 
the inflammatory reaction induced by endotoxin [See, e.g.. Habicht and Beck, J. Leukocyte 
Biology 37:709 (1985)]; and other chronic inflammatory disease states such as tuberculosis. 

20 [See, e.g., Chesque et aL, J. Leukocyte Biology 37:690 (1985)]. Benjamin et aL, "Annual 

Reports in Medicinal Chemistry-20", Chapter 18, pages 173-183 (1985), Academic Press, Inc., 
disclose that excessive IL-1 production is implicated in: Psoriatic arthritis, Reiter's syndrome, 
Rheumatoid arthritis, Osteoarthritis, Gout, Traumatic arthritis, Rubella arthritis, and Acute 
synovitis. 

25 Dinarello, J. Clinical Immunology 5(5):287-297 ( 1 985), reviews the biological activities 

which have been attributed to IL-1 and such activities are summarized in Table A. 
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Table A. Biological Activities Attributed to IL-1 

5 Fever 

Hypoferremia 
Hypozincemia 
Hypercupremia 
Increased: 

10 Blood neutrophils 

Hepatic acute-phase proteins 
Bone resorption 
Cartilage breakdown 
Muscle proteolysis 

1 5 Slow- wave sleep 

Endothelial procoagulant 
Chondrocyte proteases 
Synovial colagenase 
Endothelial neutrophil adherence 

20 Neutrophil degranulation 

Neutrophil superoxide 
Interferon production 
Proliferation of 

Fibroblasts 

25 Glial cells 

Mesangial cells 
Synovial fibroblasts 
EBV B-cell lines 
Chemotaxis of 
30 Monocytes 

Neutrophils 
Lymphocytes 
Stimulation of PGE 2 in 
Hypothalamus 
35 Cortex 

Skeletal muscle 
Dermal fibroblast 
Chondrocyte 
Macrophage/monocyte 
40 Endothelium (PG1 2 ) 

Decreased 

Hepatic albumin synthesis 
Appetite 

Brain binding of opioids 
45 Augmentation of 

T-cell responses 

B-cell responses 

NK activity 

IL-2 production 
50 Lymphokine production 



In accordance with the subject invention, an effective IL-1 cleavage inhibiting amount 
of a tetracycline compound is useful in treating, prophylactically or therapeutically, any disease 
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state in a human which is exacerbated or caused by excessive or unregulated mature IL-1 
production by such human's monocytes and/or macrophages. 

The compounds useful according to the subject invention can be administered to a 
human or animal using methods well known in the art. The amount and concentration of 

5 compound used should be within the well-known toxicity level of these compounds, and an 

amount which maintains or reduces the level of mature IL-ip. This level can be monitored 
readily by use of standard well-known tests for mature IL-1 p. It is best to administer the 
tetracycline compound at the low end of known dosage forms and then test the biological fluid 
for mature IL-1 p. Once there is shown to be a desired level of mature IL-1 P in the biological 

10 fluid, then the tetracycline compound dosage can be maintained at that level until suitable 

therapeutic effects are evidenced in the human or animal subject. It is well known in the art that - 
subjects of different weights and/or proportions will require different levels of drug dosage to 
achieve the desired result. The means and knowledge for adjusting the dosage of the tetracycline 
compounds are well-known and available to those practicing in the art having the benefit of the 

1 5 instant disclosure. 

It will be recognized by one of skill in the art having the benefit of the instant disclosure 
that the form and character of the pharmaceutically acceptable carrier or diluent is dictated by 
the amount and nature of active ingredient with which it is to be combined, the route of 
administration and other well-known variables. A tetracycline compound is administered to a 

20 human in need of inhibition of mature IL-1 production by its monocytes and/or macrophages in 

an amount sufficient to inhibit cleavage of precursor IL-1 . The route of administration may be 
oral, parenteral or topical. The term parenteral as used herein includes intravenous, 
intramuscular, subcutaneous intranasal, intrarectal intravaginal or intraperitoneal administration. 
The subcutaneous and intramuscular forms of parenteral administration are generally preferred. 

25 The daily oral dosage regimen will preferably be from about 5 to about 100 mg/kilogram of total 

body weight. The daily parenteral dosage regimen will preferably be from about 2 to about 80 
mg per kilogram (kg) of total body weight, most preferably from about 3 to about 60 mg/kg. 
The daily topical dosage regimen will preferably be from about 2 mg to about 10 mg per site of 
administration. It will be recognized by one of skill in the art that the optimal quantity and 

30 spacing of individual dosages of a tetracycline compound will be determined by the nature and 

extent of the condition being treated, the form, route and site of administration, and the 
particular patient being treated, and that such optimums can be determined by conventional 
techniques. It will also be appreciated by one of skill in the art that the optimal course of 
treatment, i.e., the number of doses of a tetracycline compound given per day for a defined 
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number of days, can be ascertained by those skilled in the art using conventional course of 

treatment determination tests. 

Accordingly, the process of the subject invention can be used to treat any human or 

animal afflicted with a medical condition in which the presence of mature IL- 1 P is not beneficial 
5 to the subject. As disclosed above, the compounds can be administered to a human or animal 

host via routes known for these compounds. 

It should also be noted that the teachings of the subject invention can be used to improve 

prophylactic and therapeutic treatments wherein the presence of mature IL-ip is desired. Thus, 

for example, when would healing is needed or promoted, or when administering a vaccine, these 
10 procedures should be performed in the absence of a tetracycline compound. 

It should be understood that the examples and embodiments described herein are for 
illustrative purposes only and that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of this 
15 application and the scope of the appended claims. 
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Claims 

1 1 . A method for inhibiting the cleavage of precursor IL-1 P to mature IL-1 P in a human 

2 which comprises administering to said human an effective precursor IL-1 P cleavage inhibiting 

3 amount of a tetracycline compound. 

1 2. The method, according to claim 1, wherein said tetracycline compound is 

2 administered to said human parenterally. 

1 3. The method, according to claim 1, wherein said tetracycline compound is 

2 administered to said human intravenously or intramuscularly. 

1 4. The method, according to claim 1, wherein said tetracycline compound is 

2 administered to said human orally. 

1 5. The method, according to claim 1, wherein said inhibition of cleavage of IL-1 P is 

2 used to treat a condition selected from the group consisting or arthritis, inflammation, 

3 periodontal disease, and degenerative bone disease. 

1 6. A process for treating a human having excess mature IL-1 p which comprises 

2 administering to said human an effective precursor IL-ip cleavage inhibiting amount of a 

3 tetracycline compound. 

1 7. The process, according to claim 6, wherein said inhibition of cleavage of precursor 

2 IL-1 P is used to treat a condition selected from the group consisting of arthritis, inflammation, 

3 periodontal disease, and degenerative bone disease. 

1 8. The process, according to claim 6, wherein said tetracycline compound is 

2 administered to said human by a means selected from the group consisting of parental, 

3 intravenous, intramuscular and oral. 



1 
2 
3 



9. A process for treating a human or animal having a medical condition wherein the 
presence of mature IL-1 P in said human or animal is detrimental wherein said method comprises 
administering to said human or animal an effective precursor IL-1 p cleavage inhibiting amount 
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4 of a tetracycline compound wherein said tetracycline compound is characterized by having little 

5 or no antibiotic activity. 
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